Objectives: In France, the public reporting of antibiotic policies in hospitals has been mandatory since 2007. Consequently, all hospitals provide to the Ministry of Health an annual follow-up of antibiotic policy. This study aimed at identifying antibiotic policy measures related to a lower antibiotic consumption.
Introduction
According to the national programme for healthcare-associated infection prevention, the French Ministry of Health has supported since 1996 a set of consensus recommendations and guidelines, and has implemented actions in order to control bacterial resistance and to preserve antibiotic effectiveness in both the community and the hospital care system. 1 -5 Some recent studies have assessed the impact of these programmes. For instance, a significant reduction of antibiotic prescription was observed in outpatients over the 2000 -07 period. 6 Similarly, the prevalence of methicillin-resistant Staphylococcus aureus in hospitals was significantly lower in 2006 than in 2001. 5, 7 The 2005 -08 national infection control programme established the annual public reporting of quality indicators in each French hospital. 5, 8 Its aim was to compare infection control in hospitals having the same activity and case mix and to assess improvement over time in these hospitals. Additionally, these indicators provided transparency of care quality for patients. Among these indicators, one relates to the existence of antibiotic policy; the public reporting of specific measures of antibiotic policy has become mandatory since a regulation was enforced in 2007. Consequently, all French hospitals annually supply to the Ministry of Health a primary description of antibiotic policy based on nine measures.
Decreasing antibiotic consumption in hospitals is also one of the main priorities of the Ministry of Health within the French national programme. However, despite wide dissemination of national guidelines for appropriate antibiotic use in the French healthcare system for more than 10 years, little is known about their implementation and the relationship between antibiotic policy and antibiotic consumption at the national level. Some French studies analysed the relationship between specific measures of the antibiotic policy and the level of antibiotic consumption. 9, 10 However, these studies were limited to a regional network and overall antibiotic consumption, whereas each policy measure could influence a particular antibiotic class, as for instance penicillins or cephalosporins.
The aim of this study was to identify relationships between specific measures of antibiotic policy and antibiotic consumption (quantitative use).
Methods

Data source and study population
Data were extracted from the 2007 antibiotic policy questionnaire ( This questionnaire was used to calculate the composite score for antibiotic use policies for which public reporting is mandatory. The categories and weightings for each measure were determined by an expert group convened by the French Ministry of Health, were based on previous guidelines and circulars and took into account national priorities (for instance, implementation of an antibiotic advisor was a priority and thus scored 4 points). 3 and a ministerial circular. 2 The questionnaire focused on nine measures (Table 1) : whether there was an antibiotics committee and, if so, the number of annual meetings; whether there were any antibiotic advisors (antibiotic specialist consultants); whether there were local guidelines for antibiotic treatment and for surgical prophylaxis; whether there was a list of antibiotics routinely stocked in the hospital (if yes, whether the list included a list of antibiotics with restrictive dispensation; and if there was such a list, whether the list included a list of antibiotics with restrictive dispensation with stop orders); whether education was provided for new prescribers; whether there were audits of prescribing practice; whether there was a computerized link between the pharmacy, laboratory and wards; whether there was information technology support for prescription; and whether information on antibiotic consumption was disseminated, expressed as the number of defined daily doses per 1000 patient-days (DDDs/1000 PDs).
The antibiotic consumption data reported in this questionnaire were collected using a standardized questionnaire developed using Excel (Microsoft Corp., Redmond, WA, USA), similar to the software ABC Calc developed by the Danish Statens Serum Institute 11 and available on the ESCMID web site. Pharmacies were requested to report the total number of each formulation of each antibiotic dispensed, and this number was automatically converted into weight (grams), and divided by the WHO-assigned DDD (2007 version). Data were collected on all antibiotics for systemic use [group J01 of the Anatomical Therapeutic Chemical (ATC) classification system] dispensed for the period (between 1 January and 31 December 2007).
Outcome variables
The outcome variables were the antibiotic consumption [overall and for the three main therapeutic classes: penicillins (J01C), cephalosporins (J01D) and quinolones (J01M)] expressed as the number of DDDs/1000 PDs.
Explanatory variables
Each antibiotic measure corresponded to an explanatory variable. From these measures, a composite score, Indice Composite de bon usage des AnTiBiotiques (ICATB), evaluating the policy for prudent use of antibiotics was calculated, as shown in Table 1 . This composite score was established by a national expert group and was used as a quality indicator in the French Ministry of Health's 2005-08 programme. The maximum score is 20 points and each measure belongs to one of the three following categories: organization, resources and action. Each category was assigned a policy subscore, as follows: organization (maximum 4 points); resources (maximum 8 points); and action (maximum 8 points). These sub-scores were used as indicators for the different aspects of antibiotic policy.
The characteristics of hospitals previously described in the literature were considered as potential adjustment variables. 9, 12 The criteria were as follows: type (teaching public hospital, non-teaching public hospital and private hospital); size (≤400, 401-800 and .800 beds); length of stay (,5 and ≥5 days); and the proportion of PDs for each ward group. The types of ward were grouped according to the French administrative definition: medical; surgical; obstetrics; medium-and long-term care; and psychiatry. The proportions of total PDs were used as binary variables and were categorized into two classes: low (below or equal to the median) and high (above the median).
Statistical analysis
Data were analysed using SAS version 9.1 software (SAS Institute, Cary, NC, USA). Overall antibiotic consumption and consumption for the three main classes were compared for each characteristic of the hospitals using the Kruskal-Wallis test. Associations between antibiotic policy measures were assessed by principal component analysis.
Separate logistic regressions were performed using overall antibiotic consumption and the three main classes as dependent variables [penicillins (J01C), cephalosporins and other b-lactams (J01D) and quinolones (J01M)]. The quantitative explanatory variables were recoded into qualitative variables using their distributions. In the absence of a gold standard, a high level and a low level were defined for each quantitative variable using the 75th percentile to split the variables into two classes: ≤75th percentile and .75th percentile. 9, 13 Two types of logistic regression were constructed. In the first regression, the three policy sub-scores were included as explanatory variables. The purpose of this model was to study the combined effect of policy measures using sub-score categories (organization, resources and action). In the second regression, all policy measures were included as explanatory variables.
In each regression, the explanatory variables and adjustment variables (type, size, length of stay and the proportion of total PDs for each ward group) with a P value ,0.25 were included as possible variables in the multivariable model using a stepwise descending method (backward). Non-significant variables were removed one at a time until all those remaining in the final model had a significant contribution. At each step, the variable with the smallest contribution to the model (or the highest P value) was removed. For the multivariable analysis, the threshold of significance retained was ≤0.05. In each model, the multicollinearity was investigated between each variable and the variable that led to the best predictive model was retained. The Hosmer-Lemeshow test was used to assess the goodness of fit of the model. 14 
Results
Description of hospital characteristics and antibiotic consumption
For the 977 hospitals included in this study, the median of antibiotic consumption was 411 DDDs/1000 PDs for overall, 210 DDDs/1000 PDs for penicillin, 61 DDDs/1000 PDs for quinolone and 52 DDDs/1000 PDs for cephalosporins. However, there were large, significant differences in antibiotic consumption depending on hospital characteristics (Table 2 ). For instance, overall antibiotic consumption and consumptions of the three main therapeutic classes were significantly higher in teaching hospitals and in hospitals with a low proportion of PDs in medium-and long-term care wards and psychiatry wards.
Description of antibiotic policy measures
Hospitals had an average ICATB score of 13.8 out of 20 points [interquartile range (IQR) 11.5-16.8; Table 3 ]. The resource score was the lowest of three sub-policy scores, with an average score of 4.6 out of 8 points (IQR 4 -6). However, there were wide variations between hospital types. The ICATB score and the three policy sub-scores were significantly higher in Amadeo et al. Bold type indicates that the relationship between antibiotic consumption and hospital characteristics is significant (Kruskal-Wallis test). High proportions are hospitals with the characteristic equal to or superior to the median. The high proportion was compared with the low proportion. Relationship between antibiotic policy and antibiotic consumption 437 JAC teaching hospitals than in non-teaching or private hospitals. For instance, teaching hospitals had an ICATB average score of 16.6 points, whereas non-teaching and private hospitals had 13.5 and 13.8 points, respectively. The most common measures, implemented in at least 80% of hospitals, were the presence of an antibiotics committee with annual meetings, the presence of antibiotic advisors and the use of local guidelines for antibiotic prophylaxis. The least common measures, reported in fewer than 50% of hospitals, were education of new prescribers, measures regarding a computerized link between the pharmacy, laboratory and wards and information technology support for prescription (Figure 1) . The antibiotic policy differed significantly with the type of hospital. All measures were implemented more frequently in teaching hospitals. The most striking differences concerned resource measures, such as the education of new prescribers, which was found in 82% of teaching hospitals and 40% of private hospitals and non-teaching hospitals. Amadeo et al.
Similarly, the antibiotic policies of small hospitals were less developed than those of large hospitals. For instance, only 31% of small hospitals (,400 beds) implemented information technology support for prescription, whereas such support was in place in 46% of large hospitals (≥400 beds).
Relationships between antibiotic policy measures were assessed by principal component analysis (Figure 2) . A correlation between the following measures was found: education of new prescribers, guidelines for antibiotic treatment, antibiotic advisors, prescribing practice audit and the existence of prescribing committees. Conversely, restrictive dispensation measures and information technology support measures were not associated.
Multivariable models
In the models using the policy sub-scores as explanatory variables, the resource score remained significantly associated with overall antibiotic consumption ( Table 4 ). The odds ratio (OR) was 0.90 [95% confidence interval (CI) 0.85-0.98]. These results indicate that overall antibiotic consumption and penicillin consumption were lower in hospitals having a high resource score. A high organization score was associated with higher penicillin consumption (OR 1.13; 95% CI 1.02 -1.26). There was no significant relationship between cephalosporin consumption or quinolone consumption and the composite policy score.
In the model using each policy measure, two variables remained significantly associated with overall antibiotic consumption after adjusting for other variables: information technology support and the existence of a list of available antibiotics (Table 5 ). Overall antibiotic consumption was lower in hospitals having information technology support (OR 0.55; 95% CI 0.39-0.78) and in hospitals having a list of available antibiotics (OR 0.21; 95% CI 0.06-0.77) compared with hospitals that did not implement this measure. In the same way, penicillin consumption was significantly lower in hospitals having information technology support (OR 0.70; 95% CI 0.52-0.95) compared with hospitals that did not implement this measure. Conversely, penicillin consumption was significantly higher in hospitals with more than two meetings a year of an antibiotics committee (OR 1.95; 95% CI 1.13-3.37) compared with hospitals without an antibiotics committee. After adjustment for hospital characteristics, there was no antibiotic measure associated with cephalosporin and quinolone consumption. Relationship between antibiotic policy and antibiotic consumption 439 
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Discussion
Our findings showed a high score for the resource antibiotic policy indicator was significantly associated with lower antibiotic use after adjustment for hospital characteristics. The resource antibiotic policy indicator was a score that corresponded to a combined effect of several measures: antibiotic advisors, education of new prescribers and information technology resources. In the resource indicator, the antibiotic advisor measure had a large influence and counted for half of the total score. An antibiotic advisor was more commonly implemented (80% of hospitals) than other resource measures (,40%), probably because hospitals have been encouraged to implement antibiotic advisors since the 2002 circular. 2 Thus, in order to obtain a high resource score, hospitals should make a significant investment in the development of computerized systems and devote the required human resources and budget to their implementation. This can be an issue for some hospitals, such as small ones, in a context of financial constraint. This may explain the low proportion of hospitals having implemented information technology resources and education of new prescribers despite pressure related to the Ministry of Health requirements. The similar associations found for overall antibiotic consumption and penicillin could be explained by the latter group representing more than 50% of overall antibiotic consumption.
Another finding showed a high organization score was significantly associated with higher penicillin use after adjustment for hospital characteristics. The organization score corresponded to the presence or absence of a local antibiotics committee and varied according to the number of annual meetings of this committee (Table 1) . One basic reason could explain the positive association: hospitals that held more frequent antibiotics committee meetings may encourage prescribers to use more classical antibiotics, such as penicillins. Moreover, it is known that the number of DDDs overestimated the number of treatment days, in particular for some classes of penicillins. For instance, Muller et al. 15 showed in a French hospital that the prescribed daily dose for oral amoxicillin was three times the DDD, i.e. 1 g. Thus, a hospital deciding to use more classical antibiotics would have an increased proportion of penicillin consumption.
Among the measures included in the resource score, the multivariable model indicated that information technology support was associated with lower antibiotic consumption. This measure consisted of computerized prescription of all drugs within the ward with automatic transmission to the pharmacy in the hospital. The definition of computerized prescription was very broad and was not limited to computerized decision support systems or to systems specifically designed for antibiotic management. However, in this study there was clear evidence that hospitals applying this measure had lower overall antibiotic consumption compared with hospitals that did not implement this measure. Computerized prescription could play an important role at different levels of hospital organization and would allow improvements: (i) in the processing of information between different actors; (ii) in the organization of medication; and (iii) in efficiency of delivery. In hospitals, the computerized prescription system generally incorporates additional tools such as decision support systems for antibiotic prescription, local guidelines, patient-specific reminders or alerts, and laboratory results. In several published studies, these systems appeared to be beneficial for the quality and safety of prescribing by improving adherence to clinical guidelines (regimen dose and duration) and reducing medication errors. 16 -19 Lesprit et al. 20 showed the impact of a computer-generated alert system prompting review of antibiotic consumption in a French hospital. The results of this study showed a reduction from 8 to 7 days in the initial duration of therapy, resulting in 26.5% fewer antibiotic days prescribed. Future investigation could be Amadeo et al.
useful to study the types of computerized prescription implemented in hospitals and their relationships with additional measures to improve antibiotic use. Another measure that was associated with lower antibiotic consumption was the presence of a list of available antibiotics. This association was striking because very few hospitals did not implement this measure (Figure 2) . However, the hospitals that did not implement this measure did not implement most of the other measures and had high antibiotic consumption. Thus, the availability of a list of available antibiotics seemed to have a large influence in controlling antibiotic consumption when antibiotic policy was underdeveloped.
Although only two measures were associated with lower antibiotic consumption in the final models, we should bear in mind that each antibiotic measure can play a significant role in improving antibiotic consumption. Indeed, some measures could influence the quality of prescription and have no impact on antibiotic consumption expressed in DDDs/1000 PDs. Additionally, the results of the principal component analysis showed that most antibiotic policy measures were centred on the use of antibiotic advisors. This result is not unexpected because it is the antibiotic advisor who plays a key role in the implementation of antibiotic policy measures.
The findings of this study must be considered in the light of certain limitations. Antibiotic consumption was only available at ATC level 3, corresponding to a very general classification of antibiotics. For instance, the ATC group J01C includes both amoxicillin and co-amoxiclav and J01D includes both cephalosporins and carbapenems. Thus, estimation of antibiotic usage with ATC level 3 does not enable differentiation between broad-and narrowspectrum antibiotics and hence the detection of major changes from one group to another. It is also essential to point out that decreasing antibiotic consumption does not always result in improving treatment appropriateness and the converse. Besides, if an antibiotic treatment is switched from broad-spectrum penicillin to a more suitable narrow-spectrum penicillin, the treatment would be more appropriate but there would be no difference in the total amount of antibiotic consumption measured at ATC level 3. Another limitation was the representativeness issue. Indeed, 16% of all acute care French hospitals could not be included in our study because these hospitals did not supply data regarding antibiotic consumption. Consequently, a potential bias could have been introduced. However, no study to our knowledge has been done on such a large sample, which minimizes the representativeness issues found in other French studies. 9, 21 A last limitation related to the fact that hospitals self-reported their antibiotic policy. Besides, differences in practical implementation among hospitals still need to be addressed; for instance, information technology support for prescription may differ from one hospital to another in the absence of national guidelines. This could have an impact on the relationship between antibiotic measures and antibiotic consumption. In order to limit bias linked to this self-assessment survey, data validation was organized within at least 10% of hospitals by regional health authorities (formerly Direction Régionale des Affaires Sanitaires et Sociales, now Agence Régionale de Santé), which required supporting documents to validate the ICATB scoring.
In conclusion, information technology support for prescription could play an important role in controlling antibiotic consumption. Further investigations should study the different aspects of computerized prescription implemented in hospitals to identify the best systems for improving the use of antibiotics.
